Introduction
============

Pituitary adenomas are common benign neoplasms and account for 15%--20% of primary brain tumors. Although they do not metastasize in most cases, tumor invasion into adjacent tissue is detected at initial diagnosis,[@b1-ott-10-1625] which is invasive pituitary adenoma (IPA). IPA infiltrates adjacent tissues and grows in several directions: superiorly, permeating the diaphragma sellae and reaching the suprasellar cistern; laterally, disrupting the medial wall of the cavernous sinus, obliterating the venous structures or even encasing the internal carotid artery; inferiorly, extending into the sphenoid sinus and eroding the sellar floor; posteriorly, destroying the clivus and reaching the brain stem.[@b2-ott-10-1625] Notoriously, IPA is difficult to manage because of its size, speed of growth, invasiveness and high frequency of recurrence.[@b3-ott-10-1625] Despite multi-modal therapeutic options, including radiotherapy, alternative medical therapies and repeated surgeries, a large number of cases are refractory to the conventional therapies and tend to quickly recur after initial treatment.[@b4-ott-10-1625] Therefore, these IPAs are associated with poor prognosis and can even be fatal.[@b5-ott-10-1625] Although several factors, such as gene mutations, locally produced growth factors and hypothalamic dysregulation, are controversial and appear to be involved in the transformation of pituitary cells,[@b6-ott-10-1625] the identification of molecular pathway mechanism resulting in pituitary tumorigenesis is one of the major challenges in endocrine oncology.[@b7-ott-10-1625]

miRs are small, noncoding RNA molecules regulating the protein-coding gene expression at the translational expression.[@b8-ott-10-1625] miR-145 is highly expressed in mesoderm-derived tissues and germ line, such as ovary, uterus, spleen, heart, testis and prostate,[@b9-ott-10-1625] and it plays important roles in the differentiation of vascular smooth muscle cells and stem cells.[@b10-ott-10-1625],[@b11-ott-10-1625] As a well-known tumor suppressor (miR), miR-145 is downregulated in several human cancers, including breast cancer, lung cancer, bladder cancer and ovarian cancer.[@b12-ott-10-1625]--[@b15-ott-10-1625] mTOR is a key player to integrate different biochemical and growth factor signals, including glucose, adenosine triphosphate (ATP), amino acids and insulin.[@b16-ott-10-1625] Receiving input from multiple signals, such as growth factors, nutrients, hormones and other mitogens or stimulants, the mTOR pathway stimulates protein synthesis by phosphorylating key translation regulators.[@b17-ott-10-1625] The pathway regulates cell growth, and increasing studies have demonstrated its dysregulation in many cancers, including breast cancer, prostate cancer and renal cell cancer.[@b18-ott-10-1625]--[@b20-ott-10-1625] In addition, hyperactivation of the AKT/mTOR pathway is also involved in IPA, especially the invasive type.[@b21-ott-10-1625] As an isoform of AKT, AKT3 is proved to be increased in tumors.[@b22-ott-10-1625] Moreover, Boufraqech et al[@b23-ott-10-1625] have reported that overexpressed miR-145 may inhibit the PI3K/AKT pathway and target AKT3 directly in suppressing the development and metastasis of thyroid cancer. However, there are few studies or reports discussing the relationship of miR-145, AKT3 and the mTOR pathway in IPA. In this study, the functions and mechanism of miR-145 regulating the mTOR signaling pathway in proliferation and invasion by targeting AKT3 are discussed to figure out the relevant molecular mechanism and to lay a theoretical foundation for molecular targeted therapy for IPA.

Materials and methods
=====================

Ethics statement
----------------

This study was approved by the regional committees for medical and health research ethics of the First Affiliated Hospital of Xinjiang Medical University. All participants provided and signed the informed consent.

Study subjects
--------------

The pituitary tissues were collected from 137 patients with pituitary adenomas treated in the Department of Neurosurgery at the First Affiliated Hospital of Xinjiang Medical University from March 2013 to September 2015, among whom 53 were male and 84 were female with the average age of 41.6±0.4 years. The diagnostic criteria of IPA were as follows:[@b24-ott-10-1625] first, according to Wilson--Hardy classification standard, pituitary adenomas at III--IV grades or C, D and E stages were classified into the IPA group; second, damages in adjacent tissues including cavernous sinus, parasellar and hypothalamus were observed through preoperative imaging examination, computed tomography (CT) and magnetic resonance imaging (MRI); third, the bones at the bottom of sellar and adjacent endocranium taken during the surgery were verified with the invasion of tumor cells on the basis of pathology; fourth, it was observed during the surgery that the bones at the bottom of sellar and endocranium were invaded and destroyed, and tumors protruded into sphenoid sinus cavity or nerve and vessels around parasellar. Conforming to any one of the abovementioned criteria, the patients were assigned into the IPA group; otherwise, they were classified into the non-IPA group. Based on the abovementioned criteria, there were 71 cases in the IPA group and 66 cases in the non-IPA group, which was further definitely diagnosed according to pathology.

In vivo and in vitro grouping
-----------------------------

In the in vivo experiment, all the 137 patients were divided into the non-IPA group and the IPA group. In the in vitro experiment, samples were assigned into the blank control group (without treatment), the empty plasmid group, the miR-145 mimic group, the miR-145 inhibitor group, the miR-145 mimic + rapamycin group, the miR-145 inhibitor + rapamycin group and the rapamycin group.

Cell culture
------------

After rinsing with normal saline, the tissues were placed into serum-free Dulbecco's Minimum Essential Medium (DMEM) under sterile conditions and immediately sent to the laboratory. Then, the tissues were rinsed with phosphate- buffered saline (PBS) on a clean bench under sterile conditions to remove connective tissues, necrotic tissues and blood clots. Afterward, the tissues were cut into tissue blocks with a size of 1 mm^3^ using ophthalmic scissors. After preheating to 37°C, 2.5 g/L trypsase (5--6 times the volume of the tissues) was added, and then the tissues were digested for 30--50 min at 37°C, during which they were dispersed using straw every 5 min until being well dispersed. Then, as much as five times of DMEM culture solution (containing 105 U/L penicillin, 0.1 g/L streptomycin, 2.2 g/L NaHCO~3~, 2.0 g/L HEPES and 15% fetal calf serum) was added to terminate the digestion for 5 min. After being filtered by a 100-mesh cell strainer, the tissues were centrifuged at 1,000 rpm (*r*=15 cm) for 10 min and the supernatant was aspirated. DMEM culture solution, containing 105 U/L penicillin, 0.1 g/L streptomycin, 2.2 g/L NaHCO~3~, 2.0 g/L HEPES and 15% fetal calf serum, was added to resuspend and disperse the cells. The number of cells was counted using Japan Olympus microscope, and the concentration of cells was adjusted to 1.0×10^6^/mL. Trypan blue staining was performed to detect cell viability. The cells were inoculated in a 24-well plate, which was pre-surrounded by polylysine with 1 mL/well, and the culture solution was changed every 2 days.

Cell transfection
-----------------

Cells at the logarithmic growth phase were inoculated in a 96-well plate (100 μL/well). Corresponding plasmid and lentiviral packaging were co-transfected into IPA cells, 24 h before which cells were laid on the plate for conventional incubation. One hour before the transfection, cell culture fluid was changed. The transfection mixture was produced using Lipofectamine 2000 (Invitrogen Inc., Carlsbad, CA, USA). Serum-free and double-antibodies-free medium (Invitrogen Inc.), containing oligonucleotide fragment (with the final concentration of 300 pmol/well) embedded in liposome, was added to each group. The transfected cells were cultured with serum-free medium in a 5% CO~2~ incubator at 37°C for 4 h, after which 10% fetal bovine serum (FBS) was added for further culture in incubator with 5% CO~2~ at 37°C. After 24 h transfection, the cells with miR-145 mimic plasmid, miR-145 inhibitor plasmid and blank plasmid were collected. In each group, cells were diluted at 10^−4^, 10^−5^, 10^−6^, 10^−7^ and 10^−8^/mL and incubated in a 96-well plate, with three repeated wells in each group. After being cultured in 5% CO~2~ incubator for 18 h at 37°C, the cells were counted under inverted fluorescence microscope (Nikon Corporation, Tokyo, Japan), and viral titer was calculated using computer. Viral titer (pfu/mL) = (10× mean fluorescence)/corresponding dilution degree. After 48 h, the cells were collected to extract the total RNA by RNA extraction kit (Invitrogen Inc.). Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the mRNA expressions of PI3K, AKT3, mTOR and miR-145. In Dual-luciferase reporter gene assay system, the IPA cells at the logarithmic growth phase were incubated into a 96-well plate and the cells were transfected using Lipofectamine 2000 when the cell density reached 70%. AKT3-3′ untranslated region (UTR)-wild-type (WT) plasmid and miR-145 mimic plasmid were fully mixed to transfect the 293T cells. Meanwhile, the control groups (AKT3-3′UTR-WT + negative control \[NC\] and AKT3-3′UT R-mutant type \[MUT\] + miR-145 mimic) were established. After culturing for 6 h, 10% culture medium was replaced by 10% FBS, which was followed by continuous culture for 48 h. Telomerase activity was detected by chemiluminescence.

qRT-PCR
-------

According to the specification of Trizol kit, the total RNA of IPA tissues and cells was extracted and preserved at −80°C. The content of extracted RNA was determined by the optical density (OD) at 260 nm measured by ultraviolet spectrophotometer (type: 752), and the RNA yield was defined in the way of a single OD260 equaling to 40 μg RNA, with OD260 ranging from 1.8 to 2.0 deemed as high RNA purity. In the experiment, a two-step qRT-PCR was conducted. First, the extracted RNA was reverse transcribed to cDNA with RT kit (Takara Biotechnology Ltd., Dalian, People's Republic of China; the specific surgery was performed according to the specification). The conditions for the amplification of reverse transcription were as follows: at 37°C for 15 min and at 85°C for 5 s. The cDNA products were amplified by PCR in the following conditions: pre-denaturation for 5 min at 94°C; 30 cycles of 30 s at 94°C, 30 s at 55°C, 1 min at 72°C; extension for 10 min at 72°C. Reaction system included 2 μL PCR upstream primer, 2 μL PCR downstream primer, 4 μL template DNA, 1 μL ROX Reference Dye (50×), 25 μL SYBR Premix Ex TaqII and 16 μL dH~2~O. With GAPDH as the internal reference, mRNA expressions of PI3K, AKT3, mTOR and miR-145 were calculated by 2^−ΔΔCt^ ([Table 1](#t1-ott-10-1625){ref-type="table"}).

Western blotting
----------------

After digesting with pancreatin, the cells were collected and rinsed with PBS precooled to 4°C for three times. Radioimmunoprecipitation assay (RIPA) lysis buffer was added to extracted total protein of the transfected cells, and the protein quantification was measured by bicinchoninic acid (BCA). Approximately 20 μg of total protein of the sample was collected and separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE); after which the upper sample was transferred onto polyvinylidene fluoride (PVDF) membrane and blocked for 1 h by blocking buffer with the addition of corresponding antibodies (diluted 1:1,000) for incubation at 4°C overnight, including p-PI3K (ab182651), PI3K (ab123752), p-mTOR (ab84400), mTOR (ab2732), p-AKT3 (ab138365), AKT3 (ab112002), p-S6K (ab126818), S6K (ab139438), p-RPS6 (ab131535) and RPS6 (ab59261). All the antibodies were purchased from Abcam Inc. (Cambridge, MA, USA). After being rinsed with TBST, goat anti-rabbit Immunoglobulin G (IgG) labeled with horseradish peroxidase and diluted at 1:5,000 was added to the protein sample and incubated for 45 min at room temperature. Afterward, the sample was rinsed with TBST again, colored and exposed by electrochemiluminescence (ECL). Gray value was examined, with the gray value of β-actin as internal reference. The experiment was repeated for three times.

Dual-luciferase reporter gene assay
-----------------------------------

miR-145 mimic was synthesized according to the mature miR-145 sequence (miRBase accession no: MIMAT0000437). miR-145 inhibitor was the reverse complementary sequence of mature miR-145. AKT3 was silenced according to the siRNA design principle, and homological analysis was conducted for alternative target sequence. NC sequence of double-stranded RNA had no homology with mammalian genome. When both ends of oligonucleotide were synthesized, restriction enzyme sites, Bam HI and Xho I, were added. The entire DNA sequence synthesis was performed by Shanghai GenePharma, Co., Ltd (Shanghai, People's Republic of China; [Table 2](#t2-ott-10-1625){ref-type="table"}). DNA fragments were cloned into pRNA-Lenti-enhanced green fluorescent protein (EGFP) lentivirus vector to construct corresponding expression vectors pRNA-Lenti-miR-145 mimic-EGFP (miR-145 mimic plasmid), pRNA-Lenti-miR-145 inhibitor-EGFP (miR-145 inhibitor plasmid) and pRNA-Lenti-vector-EGFP (empty plasmid). Meanwhile, a fragment of targeted gene was inserted into AKT3-3′UTR-WT plasmid and AKT3-3′UTR-MUT plasmid to construct dual-luciferase reporter gene plasmid of AKT3. All the abovementioned plasmids were identified by PCR, double enzyme digestion and DNA sequencing technique.

Bioinformatics software on <http://www.targetscan.org> was adopted to predict the targeted correlation between miR-145 and AKT3, which was further verified by dual-luciferase reporter gene assay system. According to the specification of luciferase assay kit, PBS was used to rinse the 96-well plate, with 100 μL passive lysis buffer (PLB) added to each well, and the 96-well plate was shaken at a low speed for the collection of cell lysis buffer. In addition, 20 μL cell lysis buffer and 100 μL luciferase detection reagent II were well mixed, followed by luminometer reading (TD20/20; Turner Designs, Sunnyvale, CA, USA), and the renilla luciferase activity was obtained. Afterward, 100 μL of 1× Stop&Glo reagents was added and fully mixed to obtain renilla luciferase activity value. The expression of reporter gene was presented by the activity ratio of firefly luciferase and renilla luciferase.

MTT assay
---------

Cells in each group were collected and incubated in a 96-well plate with 5×10^3^ cells per well, and three repeated wells were set up. When the cells adhered to the wall, 15 μL MTT (5 g/L, G3582; Promega Corporation, Madison, WI, USA) was added to culture the cells for 4 h in incubator with 5% CO~2~ at 37°C. In addition, 150 μL dimethyl sulfoxide (DMSO) was added and the 96-well plate was shaken for 10 min. Microplate reader (SpectraMax M5; Molecular Devices, Sunnyvale, CA, USA) was selected to detect the absorbance (A value) of each well at 490 nm, and cell proliferation in 72 h of each group was also detected.

Detection of IPA cell invasion ability
--------------------------------------

After 48 h transfection, the cells were digested. In each transwell chamber, 80 μL 1:8 Matrigel was spread and 1×10^5^ cells were incubated in it, with the addition of 100 μL serum-free DMEM. Then, the complete medium was added to the lower chamber for 24 h incubation, after cells in the upper chamber were wiped out using cotton bud. Afterward, the cells were fixed with 4% paraformaldehyde for 15 min and stained with crystal violet for 10 min. Under microscope, five fields were randomly selected to be photographed and the cells were thereof counted. In transwell assay, Matrigel spreading was not needed and the incubation lasted for 16 h.

Annexin V-fluorescein isothiocyanate (FITC)-propidium iodide (PI)
-----------------------------------------------------------------

Cells in each group were digested with pancreatin, rinsed by PBS and resuspended. In addition, 10 μL Annexin V-FITC and 5 μL PI staining solution were added and mixed up with the cells for a 15 min dark incubation at room temperature. With cells resuspended by 300 μL binding buffer, the flow cytometry was selected to detect cell apoptosis.

Statistical analysis
--------------------

Data were presented as mean ± standard deviation (SD; $\overline{x} \pm s$), and the SPSS17.0 software (SPSS Inc., Chicago, IL, USA) was used to process the data. Comparison between two groups was conducted by independent sample *t*-test, while comparisons among three or more groups were analyzed by one-way analysis of variance (ANOVA). The enumeration data among groups were compared by *χ*^2^ test. *P*\<0.05 referred to statistical significance.

Results
=======

Comparisons of miR-145, PI3K, AKT3 and mTOR mRNA and protein expressions between the IPA and non-IPA tissues
------------------------------------------------------------------------------------------------------------

The results of qRT-PCR and Western blotting showed that the miR-145 expression strongly decreased while PI3K, AKT3 and mTOR mRNA and protein expressions significantly increased in the IPA tissues as compared with those in the non-IPA tissues (all *P*\<0.05; [Figures 1](#f1-ott-10-1625){ref-type="fig"}--[2](#f2-ott-10-1625){ref-type="fig"}).

Comparisons of miR-145, PI3K, AKT3 and mTOR mRNA and protein expressions in IPA cells among seven groups
--------------------------------------------------------------------------------------------------------

According to the detection of miR-145, PI3K, AKT3 and mTOR mRNA and protein expressions in each group, no significant difference was observed between the blank control and empty plasmid groups (all *P*\>0.05). Compared with the blank control and empty plasmid groups, the miR-145 mimic group exhibited increased expression of miR-145, but decreased PI3K, AKT3 and mTOR mRNA and protein expressions as well as the phosphorylation levels of p-S6K and p-RPS6 (all *P*\<0.05); in the miR-145 inhibitor group, miR-145 was significantly downregulated but PI3K, AKT3 and mTOR mRNA and protein expressions as well as the phosphorylation levels of p-S6K and p-RPS6 strongly increased (all *P*\<0.05); the miR-145 mimic + rapamycin group exhibited upregulated miR-145 but significantly decreased PI3K, AKT3 and mTOR mRNA and protein expressions as well as the phosphorylation levels of p-S6K and p-RPS6 (all *P*\<0.05); in the miR-145 inhibitor + rapamycin group, downregulated miR-145 but strongly elevated PI3K and AKT3 mRNA and protein expressions were observed (all *P*\<0.05), while no difference in the phosphorylation levels of p-S6K and p-RPS6 was noted (all *P*\>0.05); the rapamycin group exhibited significantly decreased mTOR mRNA and protein expression as well as the phosphorylation levels of p-S6K and p-RPS6 (all *P*\<0.05). There was no significant difference in PI3K and AKT3 mRNA and protein expressions between the miR-145 mimic and miR-145 mimic + rapamycin groups (all *P*\>0.05). But the miR-145 mimic + rapamycin group had significantly lower mTOR mRNA and protein expression as well as the phosphorylation levels of p-S6K and p-RPS6 (all *P*\<0.05; [Figures 3](#f3-ott-10-1625){ref-type="fig"}--[4](#f4-ott-10-1625){ref-type="fig"}).

miR-145 regulates the mTOR signaling pathway to suppress IPA cell proliferation
-------------------------------------------------------------------------------

Compared with the blank control and empty plasmid groups, the IPA cell proliferation was significantly inhibited in the miR-145 mimic group, but it was significantly elevated in the miR-145 inhibitor group (both *P*\<0.05), indicating that over-expressed miR-145 could inhibit IPA cell proliferation. IPA cell proliferation in the miR-145 inhibitor + rapamycin group was significantly decreased as compared with that in the miR-145 inhibitor group, implying that the inhibited mTOR pathway by rapamycin could reverse the promotion of IPA cell proliferation caused by miR-145 inhibitor ([Figure 5](#f5-ott-10-1625){ref-type="fig"}).

miR-145 regulates the mTOR signaling pathway to promote IPA cell apoptosis
--------------------------------------------------------------------------

Compared with the blank control and blank empty groups, the IPA cell apoptosis rate significantly increased in the miR-145 mimic group while it strongly decreased in the miR-145 inhibitor group (both *P*\<0.05), indicating that overexpressed miR-145 could promote IPA cell apoptosis. When compared with the miR-145 inhibitor group, the IPA cell apoptosis rate remarkably elevated in the miR-145 inhibitor + rapamycin group, suggesting that rapamycin could inhibit the mTOR pathway to reverse the inhibition of IPA cell apoptosis caused by miR-145 inhibitor. These results further demonstrated that miR-145 promotes IPA cell apoptosis by targeting the mTOR signaling pathway ([Figure 6](#f6-ott-10-1625){ref-type="fig"}).

miR-145 regulates the mTOR signaling pathway to suppress IPA cell migration
---------------------------------------------------------------------------

Compared with the blank control and empty plasmid groups, IPA cell migration ability significantly decreased in the miR-145 mimic group but it remarkably increased in the miR-145 inhibitor group (both *P*\<0.05), indicating that IPA cell migration ability could be inhibited by overexpressed miR-145. The miR-145 inhibitor + rapamycin group showed significantly decreased IPA cell migration ability when compared with that in the miR-145 inhibitor group, suggesting that the inhibition of the mTOR pathway by rapamycin could reverse the promoted IPA cell migration caused by miR-145. Therefore, miR-145 inhibits IPA cell migration via mTOR signaling pathway ([Figure 7](#f7-ott-10-1625){ref-type="fig"}).

miR-145 regulates the mTORsignaling pathway to suppress IPAcell invasion ability
--------------------------------------------------------------------------------

The IPA cell invasion ability declined in the miR-145 mimic group but it elevated in the miR-145 inhibitor group when compared with the blank control and empty plasmid groups (both *P*\<0.05). This indicated that overexpressed miR-145 could inhibit IPA cell invasion. The IPA cell invasion ability in the miR-145 inhibitor + rapamycin group significantly decreased as compared with that in the miR-145 inhibitor group, which suggested that inhibited mTOR pathway by rapamycin could reverse the promoted IPA cell invasion ability caused by miR-145 inhibitor ([Figure 8](#f8-ott-10-1625){ref-type="fig"}).

miR-145 targets AKT3
--------------------

AKT3 was predicted to be the target gene of miR-145 by bioinformatics software <http://www.targetscan.org> ([Figure 9A](#f9-ott-10-1625){ref-type="fig"}). After co-transfection of AKT3-3′UTR-WT plasmid and miR-145 mimic plasmid in IPA cells, analyzed by SPASS 21.0 software, luciferase activity was found to be significantly decreased when compared with the AKT3-3′UTR-WT + NC group (*P*\<0.05). However, the co-transfection of AKT3-3′UTR-MUT + miR-145 mimic plasmid showed no significant difference with the AKT3-3′UTR-WT + NC group (*P*\<0.05; [Figure 9B](#f9-ott-10-1625){ref-type="fig"}).

Discussion
==========

IPA is characterized by rapid growth, postoperative recurrence and poor prognosis.[@b25-ott-10-1625] At the same time, it is hard to have complete resection surgery of IPA due to the wide range of invasion, as a result of which, it has lower recovery rate and is one of the greatest challenges of clinical treatment.[@b26-ott-10-1625] In recent years, both tumor suppressor genes and oncogenes have been reported to be potential for genetic therapy of pituitary tumors.[@b27-ott-10-1625] Therefore, finding the possible gene target of improving treatment and promoting prognosis in IPA, and seeking the regulation mechanism of that, is one of the major subjects in the study.

The study found that miR-145 expression in the IPA tissues was much lower than in the non-IPA tissues, while the PI3K, AKT3 and mTOR mRNA and protein expressions were higher in IPA tissues than that in non-IPA tissues. Based on the results, miR-145 played an inhibitor role of PI3K and AKT3 in IPA. miR-145, as one of the suppressor mRNAs, has been found to be downregulated in many cancer cells.[@b28-ott-10-1625] Decreased expression of miR-145 is observed both in vivo and in vitro, which is important for the development and progression of prostate cancer.[@b29-ott-10-1625] A previous study has demonstrated that the AKT pathway is overexpressed and activated in pituitary tumors.[@b30-ott-10-1625] AKT3, identified as a kinase which might activate anti-apoptotic proteins, may be involved in the target molecule of cell metabolism in cancers.[@b31-ott-10-1625] PI3K, a heterodimer, includes both catalytic subunit (p110) and regulatory subunit (p85).[@b32-ott-10-1625] The AKT/PI3K pathway is stated to be oncogenic, which influences cell proliferation and cell apoptosis in cancers, and has been found to be downregulated by overexpressed miR-145 to inhibit cell growth and promote cell apoptosis in tumor development.[@b33-ott-10-1625] This study found that with increased miR-145 in IPA, there were decreased mRNA and protein expressions of PI3K and AKT3, where IPA cell proliferation, migration and invasion were inhibited while cell apoptosis was promoted. Besides, AKT3 was demonstrated to be a target gene of miR-145 by dual luciferase report gene assay system. Therefore, miR-145 might inhibit proliferation, migration and invasion of IPA by inhibiting PI3K and AKT3.

In addition, the results of this study showed that miR-145 downregulates the mTOR pathway to inhibit the proliferation, migration and invasion of IPA. The mTOR, a serine/threonine kinase, could regulate cell functions, growth and transcription, and was also considered as one of the significant signaling pathways of tumorigenesis.[@b34-ott-10-1625] The PI3K/AKT/mTOR pathway is involved in human malignancies, where AKT might regulate PI3K-inhibited signaling and mTOR phosphorylation; thus, mTOR inhibitor is considered to be a potential therapy of IPA treatment.[@b35-ott-10-1625] Hahn-Windgassen et al[@b36-ott-10-1625] reported that Akt regulates the activation of mTOR through growth factors and it plays as a positive modulator of mTOR. Moreover, PI3K/AKT pathway is indicated to be another upstream stimulating factor of mTOR pathway.[@b37-ott-10-1625] Mitogenic signaling caused by receptor tyrosine kinases could elevate the activity of PI3K, resulting in the activation of Akt; thereof, it stimulates thyroid tumor cell proliferation and invasion.[@b30-ott-10-1625] Few studies mentioned the relationship between miR-145 and mTOR pathway, but this study has found that the mTOR pathway might be the mediator of miR-145 to suppress IPA. In this study, with increased miR-145 in IPA, there were decreased mRNA and protein expressions of mTOR. Furthermore, the inhibited mTOR pathway by rapamycin could reverse the function of miR-145 inhibitor in IPA. Therefore, it was demonstrated that overexpressed miR-145 can inactivate mTOR pathway to inhibit the proliferation, migration and invasion of IPA.

Conclusion
==========

miR-145 can not only suppress IPA cell proliferation, migration and invasion but also promote IPA cell apoptosis by mTOR pathway. This finding would be beneficial for further clinical treatment of IPA patients in the field of molecular biology. However, further analysis and larger samples are worth doing for IPA theoretical study.
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![Comparisons of miR-145, PI3K, AKT3 and mTOR between IPA and non-IPA tissues.\
**Notes:** There were 71 cases of IPA tissues and 66 cases of non-IPA tissues; \**P*\<0.05 when compared with non-IPAs; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** AKT3, protein kinase B; IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin; PI3K, phosphoinosmde-3-kinase.](ott-10-1625Fig1){#f1-ott-10-1625}

![Comparisons of miR-145, PI3K, AKT3 and mTOR protein expressions between the IPA and non-IPA tissues.\
**Notes:** There were 71 cases of IPA tissues and 66 cases of non-IPA tissues. A represents non-IPA tissues, and B represents IPA tissues. \**P*\<0.05 when compared with non-IPAs; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** AKT3, protein kinase B; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin; PI3K, phosphoinosmde-3-kinase.](ott-10-1625Fig2){#f2-ott-10-1625}

![Comparisons of miR-145, PI3K, AKT3 and mTOR mRNA expressions in IPA cells among seven groups.\
**Notes:** A, blank control group; B, empty plasmid group; C, miR-145 mimic group; D, miR-145 inhibitor group; E, miR-145 mimic + rapamycin group; F, miR-145 inhibitor + rapamycin group; G, rapamycin group. \**P*\<0.05 when compared with the blank control group. ^\#^*P*\<0.05 when compared with the miR-145 mimic group; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** AKT3, protein kinase B; IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin; PI3K, phosphoinosmde-3-kinase.](ott-10-1625Fig3){#f3-ott-10-1625}

![Comparisons of protein expressions of miR-145, PI3K, AKT3, mTOR, p-S6K and p-RPS6 in IPA cells among seven groups.\
**Notes:** A, blank control group; B, empty plasmid group; C, miR-145 mimic group; D, miR-145 inhibitor group; E, miR-145 mimic + rapamycin group; F, miR-145 inhibitor + rapamycin group; G, rapamycin group. \**P*\<0.05 when compared with the blank control group. ^\#^*P*\<0.05 when compared with the miR-145 mimic group; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** AKT3, protein kinase B; IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin; PI3K, phosphoinosmde-3-kinase.](ott-10-1625Fig4){#f4-ott-10-1625}

![miR-145 regulates the mTOR signaling pathway to suppress IPA cell proliferation.\
**Notes:** A, blank control group; B, empty plasmid group; C, miR-145 mimic group; D, miR-145 inhibitor group; E, miR-145 mimic + rapamycin group; F, miR-145 inhibitor + rapamycin group; G, rapamycin group. \**P*\<0.05 when compared with the blank control group. ^\#^*P*\<0.05 when compared with the miR-145 inhibitor group; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** A value, absorbance value; IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin.](ott-10-1625Fig5){#f5-ott-10-1625}

![miR-145 regulates the mTOR signaling pathway to increase the IPA cell apoptosis rate.\
**Notes:** (**A**) Blank control group; (**B**) empty plasmid group; (**C**) miR-145 mimic group; (**D**) miR-145 inhibitor group; (**E**) miR-145 mimic + rapamycin group; (**F**) miR-145 inhibitor + rapamycin group; (**G**) rapamycin group. \**P*\<0.05 when compared with the blank control group. ^\#^*P*\<0.05 when compared with the miR-145 inhibitor group; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin.](ott-10-1625Fig6){#f6-ott-10-1625}

![miR-145 regulates the mTOR signaling pathway to suppress IPA cell migration ability (hematoxylin staining ×200).\
**Notes:** (**A**) Blank control group; (**B**) empty plasmid group; (**C**) miR-145 mimic group; (**D**) miR-145 inhibitor group; (**E**) miR-145 mimic + rapamycin group; (**F**) miR-145 inhibitor + rapamycin group; (**G**) rapamycin group, (**H**) comparison of cell migration number in each group. \**P*\<0.05 when compared with the blank control group. ^\#^*P*\<0.05 when compared with the miR-145 inhibitor group; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin.](ott-10-1625Fig7){#f7-ott-10-1625}

![miR-145 regulates the mTOR signaling pathway to suppress IPA cell invasion ability (hematoxylin staining ×200).\
**Notes:** (**A**) Blank control group; (**B**) empty plasmid group; (**C**) miR-145 mimic group; (**D**) miR-145 inhibitor group; (**E**) miR-145 mimic + rapamycin group; (**F**) miR-145 inhibitor + rapamycin group; (**G**) rapamycin group, (**H**) comparison of cell invasion number in each group. \**P*\<0.05 when compared with the blank control group. ^\#^*P*\<0.05 when compared with the miR-145 inhibitor group; the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** IPA, invasive pituitary adenoma; miR-145, microRNA-145; mTOR, mammalian target of rapamycin.](ott-10-1625Fig8){#f8-ott-10-1625}

![miR-145 targets AKT3.\
**Notes:** (**A**) 3′UTR binding site of miR-145 and AKT3. (**B**) After 293T cells were transfected with AKT3-3′UTR-WT + miR-145 mimics/NC, AKT3-3′UTR-MUT + miR-145 mimics/NC for 48 h, the luciferase activity of each group was detected. \*\*Difference was significant (*P*\<0.05); the experiments were repeated three times, and the mean value was calculated.\
**Abbreviations:** AKT3, protein kinase B; IPA, invasive pituitary adenoma; miR-145, microRNA-145; MUT, mutant type; NC, negative control; UTR, untranslated region; WT, wild type.](ott-10-1625Fig9){#f9-ott-10-1625}

###### 

Primer sequence of qRT-PCR

  Name      Sequence
  --------- --------------------------------------------------
  miR-145   Upstream 5′-GGTCCAGTTTTCCCAGG-3′
            Downstream 5′-CAGTGCGTGTCGTGGAGT-3′
  PI3K      Upstream 5′-CAAAGCCGAGAACCTATTGCGAG-3′
            Downstream 5′-GTTTGACTTCGCCATCTACCAC-3′
  AKT3      Upstream 5′-GAAGATCTGATGAGCGATGTTACCATTGTG-3′
            Downstream 5′-CCGCTCGAGTTCTCGTCCACTTGCAGAGTAG-3′
  mTOR      Upstream 5′-GACCGTCTGAGTGGGAAG-3′
            Downstream 5′-TTACCAGAAAGGGCACCAG-3′
  GAPDH     Upstream 5′-AGAAGGCTGGGGCTCATTTG-3′
            Downstream 5′-AGGGGCCATCCACAGTCTTC-3′

**Abbreviation:** qRT-PCR, quantitative real-time polymerase chain reaction.

###### 

Oligodeoxynucleotide sequence of DNA and RNA

  Name                Sequence
  ------------------- ---------------------------------------
  miR-145 mimic       5′-GUCCAGUUUUCCCAGGAAUCCCU-3′
  miR-145 inhibitor   5′-AGGGAUUCCUGGGAAAACUGGAC-3′
  NC                  5′-CAGUACUUUUGUGUAGUACAA-3′
  AKT3                Upstream 5′-ACCGCACACGTTTCTATGGT-3′
                      Downstream 5′-CCCTCCACCAAGGCGTTTAT-3′
  GAPDH               Upstream 5′-AGAAGGCTGGGGCTCATTTG-3′
                      Downstream 5′-AGGGGCCATCCACAGTCTTC-3′

**Abbreviation:** NC, negative control.
